(19) 



J 



(12) 



(43) Date of publication: 

13.05.1998 Bulletin 1998/20 

(21) Application number: 97119731.4 

(22) Dateof filing: 11.11.1997 



Europdisches Patentanrrt 
European Patent Office 
Office europ^ndes brevets (11) EP 0 841 173 A2 

EUROPEAN PATErrr APPLICATION 

(51) Inta^r B41J 2/175 



(84) Designated Contracting States: 


• Mochizuki, Seiji 


AT BE CH DE DK ES R FR GB GR IE IT U LU MC 


Suwa-shi, Nagano-ken (JP) 


NLPTSE 


• Kawakami, Kazuhisa 


Designated Extension States: 


Suwa-sht, Nagano-ken (JP) 


ALLTLVMKROSI 


• Fukasawa, Sfilgenori 




Suwa-sfil, Nagano-ken (JP) 


(30) Priority: 11.11.1996 JP 314209/96 


• Isono, Masafiiro 


25.07.1997 JP 215988/97 


Suwa-sfil, Nagano-ken (JP) 


25.07.1997 JP 215989/97 




31.07.1997 JP 220198/97 


(74) Representative: 




Diehl, Hernrtann, Dr. Dipl.-Pfiys. et al 


(71) Applicant: 


DIEHL, GLASER, HILTL & PARTNER 


SEIKO EPSON CORPORATION 


PatentanwSlte 


Shinjuku-ku, Tokyo (JP) 


Ruggenstrasse13 




80639 MOnchen (DE) 


(72) Inventors: 


• Kobayastii, Atsusfii 




Suwa-shi, Nagano-ken (JP) 





CM 
< 
CO 



CO 



(54) Ink jet recording apparatus 

(57) An ink jet recording app>aratus includes an ink 
consumption operating unit (32) that adds a quantity of 
ink to be discharged by suction processing as a quantity 
of ink consumed before performing the suction process- 
ing. The ink jet recording apparatus irx;ludes also a suc- 
tion control unit (29) that performs the suction 
processing after such addition. A r&naining ink level is 
calculated by estimating a quantity of ink to be used in a 



large volume for sucking as a quantity of ink consumed, 
and. even if a power supply switch is turned off before 
the sucking operation is terminated, the calculated 
remaining ink level as a quantity of ink consumed is 
added to a consumption storage unit (33). As a result, a 
possible erroneous overestimation of the remaining ink 
level in an ink cartridge (9, 10) can be avoided. 
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Description 

The invention relates to an ink jet recording apparatus that has a recording head that moves across the width of a 
recorcfng paper and fonns inmges by jetting ink droplets onto the recording paper so as to coincide with printing data. 
5 More specifically, the invention is directed to a technique for controlling the quantity of ink in an Ink cartridge. 

An Inkjet printer is an apparatus (i.e.. an ink jet recording apparatus) that includes an ink jet recorcfing head. The 
ink jet recording head is supplied with ink from a source of ink such as an ink cartridge (i.e., a means for storing ink. 
which may be referred to as ink storage means for convenience). The ink jet printer also includes means for nnoving the 
recorcfing paper relative to the recorcfing head (for convenience, this may be referred to as paper forwarding means. The 
10 ink jet printer makes a recording by jetting ink droplets from the re(X)rding head in conrespondence with a print signal. 

Because the ink used ts a liquid, an ink jet printer must perform a variety of secorrdary operations and certain types 
of processing that are not involved in printers having wire dot recorcfing heads or thermal recording heads. In particular, 
some of the operations required of an ink jet recording apparatus are the charging of ink into the recording head, the 
forcible sucking and discharging the ink from the recording head to prevent clogging (due to the volatilization of an ink 
15 solvent), and the control over the remaining ink level in the ink storage means. 

Particular attentic^n will now be paid to this latter operation, that is, the cxyitrol over the remaining ink level in an ink 
storage means such as an ink cartridge. 

One approach to control over the remaining ink level is a hardware-based detec;tion technique. Acxx)rding to this 
first approach, liquid level detecting means (such as electrodes) are attached to the ink storage means. This approach 
20 has drawt>acks. In partk:ular, providing liquid level detection hardware requires a more complicated structure for the ink 
storage means. This more complicated structure increases tiie cost of manufacture. 

Another approach to control over the remaining ink level is a software-based approach. This second approach 
helps to overcome the drawbacks of the first approach. Examples of this seccyid, scTftware-based approach may be 
found in (1) Examined Japanese Patent Put)lication No. Hei. 5-19467, (2) Examined Japanese Patent Putjiication No. 
25 Hei. 8-2649, (3) Unexamined Japanese Patent Publication No. Hei. 5-88552. and (4) Unexamined Japanese Patent 
Publication No. Hei. 7-205419. The foregoing four examples of the second approach mention software which involves 
steps like: 

integrating c(uantities of ink consumed, using a counter, based on the sum C7f the prcxluct of the number of dots dur- 
30 ing printing and the quarrtity of ink to be consumed per ink droplet and the product of the Cfuantity of ink to be sucked 
per forced sucking operation for preventing the c^logging of rx)zzle C3penings arxJ tiie number of sucking operatior^; 
displaying the remaining ink level by storing the integrated quantity of ink cx)nsumed: and 
allowing the integrated quantity of ink consumed to be reset through an external operation. That is, tiie approach 
to control of the remaining ink level evidenced in the four examples mentioned above is to use software. As the 
35 example steps just shown reveal, the general software-based approach takes acJvantage of the functions of a 
micr<xx)mputer incorporated in the recorcfing apparatus. 

An Inkjet recording apparatus that controls the remaining ink level by means of software, as in the above- identified 
secorxi approach, can consecutively compute the quantity of ink consumed in relative terms conrectiy, although ink end 

40 detection accuracy may not so satisfactory. Therefore, by displaying the tfuis-conrputed quantity of ink cx)nsumed, the 
i^er can be kept informed of how much ink is being consumed. Color Inkjet printers now are commonly in practical use. 
Color ink jet printers use diversified tec^hniques to ac;hieve high printing quality. Some of these diversified techniques 
include using dark and light inks, adjusting the quantity of ink per ink droplet based on printing data. arvJ changing print 
resolution in accordance with images and texts. All of these techniques tend to ccxnplicate proper control under the sec- 

45 ond approach described above. 

Another complicating factor relates to the maintenance prcx:essing of tiie printer. Maintenance processing includes 
the actions taken to prevent tiie clogging of the ink jet recording head. During such maintenance processing, certain 
quantities of ink are forcit)ly jetted or flushed from the ink jet recording head. Of course, this ink comes from tiie ink stor- 
age means and must be accounted for. The quantities of ink to be forcit)ly jetted and flushed are meticulously specified. 

50 in a variety of ways, arxl ttie actual quantity consumed may vary in accordance with the present or recent operations of 
the recording head. 

The cfiversified techniques of color ink jet printing and the maintenance processing for preventing dogs result in a 
very complicated situation for which ink consumption must be predicted under the second (software-based) approach. 
The atx]ve-identrfied four exanrples of the second approach for controlling the remaining ink level cannot take care of 
55 such a complicated ink consumption situation without producing grave errors. The above-identified software-t)ased 
approaches do not meet the requirement for providing an accurate determination of the remairting ink level. Because 
the remaining ink level cannot correctiy be computed under the above-identified scjftware-based approaches, tiiere is 
an increased risk of damage to ink jet recording heads operating under such approaches. In particular, the printer might 
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attempt to jet ink dropJets from the ink jet recxirding head even after all of the ink is iced up. Such an operation might 
easily cause fatal damage to an ink jet recording head due to the ink sucking operations perfbrnned for maintenance. 

There is yet another drawback to the above-identified four examples of the second approach to control of the 
remaining ink level This drawback relates to the already mentioned counter. In particular, there nray be a requirement 

5 that the user reset the remaining ink level control counter by operating a reset button whenever replacing an ink car- 
tridge. If the user replaces the cartridge without resetting the counter, an inconvenient situation arises. That is, because 
the user has forgotten to operate the reset button, printing operations cannot be performed even though the ink storage 
means (i.e., the ink cartridge) has available a plentiful supply of ink. 

It is an object of the present invention to overcome the shortcomings and drawt)acks mentioned atx)ve. 

w Therefore, a first object of the invention is to provide an ink jet recording apparatus that can prevent the recording 
head from being damaged accidentally even if the ink has been consumed in large quantities due to sucking operations 
arxJ the like by computing tiie quantity of ink in the ink cartridge while minimizing erroneous integration of such quantity 
to be caused by the turning off of the power supply or the like. A second object of the invention is to provide an ink jet 
recording apparatus that can prevent the recording head from being broken by adjusting the quantity of ink to be sucked 

15 for the maintenance of recorc£ng head based on the correctly computed quantity of ink consumed. A third ot)ject of the 
invention is to provkie an ink jet recording apparatus that can print data with the highest possitDle quality even if the ink 
remaining in the ink cartridge is at a near end level. A fourth object of the invention is to provide an ink jet recording 
apparatus than can not only prevent the running out of ink by precluding underestimation of the quantity of ink to be 
sucked in association with the loading of an ink cartridge but also give a message to the effect that ink charging 

20 processing after loading the ink cartridge has been terminated. A fifth object of the invention is to provide an ink jet 
recording apparatus tiiat can judge tiie remaining ink level for a new ink cartridge by automatically resetting tiie quantity 
of ink consumed in ttie case where an old ink cartridge has been replaced with the remaining ink level therein being 
extremely low. 

To solve this object the present invention provides an ink jet recording apparatus as defined in the independent 
25 claims. Preferrred embodiments of the invention are described in the deperxJent claims. 
The daims are urxjerstood as a first rxsn-limiting approach for defining the invention. 

The invention is applied to an ink jet recording apparatus that includes: an ink jet recording head for jetting an ink 
droplet so as to correspond to printing data; an Ink cartridge for supplying ink to the recording head; a capping means 
not only sealing the recording head but also being evacuated to a negative pressure by a suction pump; a suction con- 

30 trol means for controlling suction processing for discharging the ink by sucking the recording head with the suction 
pump; and a remaining ink level judging means for controlling a quarrtity of ink in the ink cartridge by integrating quan- 
tities of ink discharged from the recording head. In such Ink jet recording apparatus, the remaining ink level judging 
means adds a quantity of ink to be discharged by the suction processing as a quantity of ink consumed, the addition 
being made before performing the suction processing, and the suction processing is thereafter performed. 

35 The remaining ink level is calculated by estimating the quantity of ink to be used in a large volume for sucking as 
the quantity of ink consumed. Therefore, even if a power supply switch is turned off before the sucking operation is 
brought to an end, a possible erroneous overestimation of the remaining ink level in an ink cartridge can be precluded. 
Hence, tiie recording head can be prevented from being damaged by the sucking of ink and the printing performed with 
the remaining ink level being low. 

40 Fig. 1 is a perspective view showing an ink jet recording apparatus, which Is an embodiment of the invention. 
Fig. 2 is a block diagram showing an enrtxxJiment of ttie invention. 
Fig. 3 is a flowchart showing the overall operation of the apparatus. 

Fig. 4 is a flowchart showing an operation for initialization processing out of the operation of the apparatus. 
Fig. 5 is a flowchart showing an operation for initial charging processing. 
45 Fig. 6 is a flowchart showing an operation for ink cartridge replacemerrt processing. 
Fig. 7 is a flowchart showing an operation for cleaning processing. 
Fig. 8 is a flowchart showing an operation for printing processing. 

Fig. 9 is a flowchart showing an operation for ink consumption check processing out of the operation of the appa- 
ratus. 

50 Fig. 10 is a flowchart showing large-scale suction processing, which is arxrther embodiment of the invention. 
Fig. 11 is a flowchart showing small-scale suction processing, which is another embodiment of the invention. 
Fig. 1 shows an embodiment of the invention. A carriage 1 is connected to a nrxrtor 3 tiirough a timing belt 2 and 
moves in parallel to a platen 5 while guided by a guide member 4. Recording heads 7. 8 are nrtounted on the carriage 
1 surface that confronts a recording paper 6. The recording head 7 jets black ink onto a printing region (left side as 
55 viewed in Rg. 1) and the color printing recording head 8 is releasably mounted in a nonprinting region. The respective 
recording heads 7. 8 jet ink droplets onto the recording paper 6 while having inks supplied by a black ink cartridge 9 
arxJ a color ink cartridge 10. respectively. Further, switches 1 1 , 1 2 are disposed on the carriage 1 . These switches 1 1 , 
12 are turned on and off upon loading and unloading ttie ink cartiidges 9, 10. 



3 



EP0 841 173 A2 



A capping device 13 is formed by mounting a cap member 14 for sealing the black ink recording head 7 and a cap 
member 15 for sealing the color ink reoorcfing head 8 on the same slider. The cap members 14. 15 are large enough to 
seal the riozzle opening surfaces of the recording heads 7. 8 in single spaces, respectively, and are connected through 
tubes to a pump unit 18. The capping device 13 thus is an exanple of means for sealing the ink jet recording head. 

5 The pump unit 18 includes two pumps 1 6. 1 7 that can be driven indeperxiently. As a result of this construction, the 
capping device 1 3 seals the nozzle openings during a nonprinting period, and forcibly discharges ink from the recording 
heads 7, 8 while being evacuated to a negative pressure by the pump unit 18 when the ink jetting capability recovering 
operation is being performed. Further, a deaner unit 19 is disposed in the vrcinity of the capping device 13. Thus, the 
capping device 13 is an example of a structure that also dout)les as a means for allowing the ink jet recording head to 

10 be evacuated to a negative pressure by the suction pump. Although the capping device performs the above-identified 
functions for sealing and for evacuation, it may, for convenierx^e. be referred to simply as a capping means. 

Fig. 2 shows a controller for controlling the operation of the recording apparatus, tiie controller being an embodi- 
ment of the invention. A printing control means 20 generates bit map data based on printing data sent from a host, and 
jets ink droplets out of the recording heads 7, 8 by causing a head drive means 21 to produce drive signals based on 

75 the generated bit map data. 

An ink cartridge load/unload detecting means 22 detects tiie loading and unloading of the ink cartridges 9, 1 0 from 
signal changeovers of the respective switches 11.12 disposed on ttie carriage 1 . A load timer 23 resets itself upon load- 
ing the ink cartridges 9. 10 based on a signal from the ink cartridge loadAinload detecting means 22 and thereafter 
starts measuring time, and then stops measuring time upon unloading the ink cartridges 9, 10. 

20 A pump driving means 24 perfornris a sucking operation based on the sucking strength, the sucking time, and the 
sucking interval defined by a suction control means 29 to be described later. A power supply sensing means 25 detects 
the supply of power to the apparatus, and outputs a signal upon turning on arxJ off the power supply A stop timer 26 
starts measuring time upon tuming off the power supply arxl stops measuring time upon turning on tiie power supply 
That is. the stop timer 26 detects a time period during which the recording heads 7. 8 have continuously been sealed 

25 by the capping device 1 3. 

A flushing control means 27 jets a predetermined number of ink droplets out of all the nozzle openings of the 
respective recording heads 7. 8 after the carriage 1 has been evacuated to a flushing position, usually at the capping 
position, by the printing corrb'ol means 20 upon detection by a print timer 28 of a predetermined time period for which a 
printing operation has lasted. The flushing operation is performed to prevent arxJ eliminate nozzle clogging. 

30 The suction corrtrd means 29 operates the respective pumps 1 7. 1 8 in a predetermined mode by delivering a sig- 
nal to the pump drive means 24 with the recording heads 7, 8 sealed by the capping device 1 3 based on a signal from 
a suction nrxxie specifying means 31 to be described later. The suction control means 29 is designed to intervene when 
a signal is received from an externally operable cleaning switch 30, when new ink cartridges 9, 10 are loaded, or when 
the stop timer 26 has measured a predetermined time upon tuming on the power supply. The suction vnodB specifying 

35 means 31 specifies a mode selected from one of tiiree possible nrxxies: large-scale suction mode, a small-scale suction 
mode, and a suction save nrxxie in accordance with tiie remaining ink level of the ink cartridges 9, 10. 

An ink consunrption operating means 32 reads tiie value corresponding to the quantity of ink consumed, which 
value is stored in a consumption storage means 33 to be described later. The ink consumption operating means 32 per- 
forms this reading operation when power supply sensing means 25 senses the turning on of the power supply. 

40 The ink consumption operating means counts the number of ink droplets whenever a printing operation or a flush- 
ing operation is performed. Based on tiie counted number of ink droplets, the ink consumption operating means calcu- 
lates the quantity of ink consumed. This calculation of the quantity of ink consumed may be performed by multiplying 
the counted nun*)er of ink droplets by the quantity of ink per ink droplet. The quantity of ink used per ink droplet may 
be based on data stored in a coeffid^ setting means 37 to be described later. 

45 When the suction control means 29 gives a suction command to the pump drive means 24, the ink consumption 
operating means may perform the calculation of the quantity of ink consumed by adding tiie quantity of ink to be sucked 
in advance. 

The coeffident setting means 37 stores data relating to the quantity of ink per ink droplet for color and black inks 
as- shown in Tables 1 and 2. That is, the coeffident setting means 37 stores data on the quantity by weight of ink per 
50 ink droplet for color and black inks so as to correspond to print modes such as a high-delinition print mode, a normal 
print mode, and a draft print mode as shown in Table 1 . Further, the coeffident setting means 37 stores data on the 
quantity by weight of ink per ink droplet for color and black inks so as to correspond not only to flushing operations (such 
as flushing before printing, periodic flushing during printing, and flushing after printing) but also to print nrxxies for peri- 
odic flushing. 

55 It is preferred that the quantity of ink per ink droplet be calculated so as to be tenperature-compensated t>ased on 
temperature data sent from a temperature detecting means 40. To explain, it is assumed tfiat at room temperature the 
ink droplet has a reference value of 1 . At a temperature of 30°C, the quantity of ink per ink droplet is actually about 1 .03 
times that of the reference value. At a temperature of 40*0, the quantity of ink per ink droplet is acbjally about 1 .05 times 
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that of the reference value. As operating temperatures rise above room temperature, the quantity of the ink discharged 
has a larger volume due to the reduced viscosity caused by inaeased temperature. Thereby, the amount of ink 
experxjed per ink droplet can reliat)ly be added as a quantity of ink cor^med. Therefore, this temperature compensa- 
tion contrtlxites greatly to determining correctly the ink consumption and thus is particularly contributory to preventing 
5 the running out of the ink during printing. 

When the power supply sensing means 25 detects the tuming off of the power supply, the calculated quantity of ink 
consumed is stored in the consumption storage mear^ 33, and when a signal from a reset means 34 is applied upon 
detection of replacement of the ink cartridges 9, 1 0 by the ink cartridge load/unload detecting means 22, tiie calculated 
values are reset 

10 A remaining ink level judging mearm 35 calculates a difference between the quantity of ink contained in the respec- 
tive ink cartridges 9, 10 and the quantity of ink consumed calculated by the ink consumption operating means 32, and 
feeds a signal to the suction mode specifying means 31 . and to a duty setting means 36 and a display means 38, which 
will be desaibed later, every time the difference falls below one of a plurality of reference values that are defined by 
graduation. 

15 That is, as shown In Rg. 3. tiie follcwing remaining ink levels are availak>le: two ink end levels, a near erxj level, a 
large-scale suction prohbit level, arxJ a suction prohit>it level. The ink end levels include a level in which the ink within 
the ink cartridges has run out and a level in which the ink at least remains in the ink cartridges after an ink sucking oper- 
ation has been performed. The near end level is a level in which some 2 to 20 % of the total ink remains. The large- 
scale suction prohibit level is a level in which some 2 to 25% of the total ink remains. The suction prohibit level is a level 

20 in which some 2 to 30% of the total ink remair^ 

Out of the aforementioned parts and components, it is preferred that the ink consumption operating means 32, of 
which a particularly high calculation capability is required, be incorporated as part of the function of the CPU belonging 
to the host apparatus tiirough the printer driver software installed into the host apparatus. 

The operation of the thus constructed apparatus will now be described based on the f bwcharts shown in Figs. 3 

25 through 9. 

See Fig. 3. Upon turning a power supply switch SW on (S100). initialization processing (Rg. 4), which will be 
described later, is performed (SI 01 ). Then it is judged whether or not the power supply remains on (SI 02). If the power 
supply switch is off when this step is performed, the overall operation is brought to an end after the power supply turn- 
off processing has been performed (SI 09). The power supply turn-off processing includes storing the quantity of ink 
30 calculated by the consumption operating means 32 into tiie consumption storage means 33. 

On the other hand, if tiie power supply is on when step SI 02 is performed, a determination is made as to whether 
or not the ink cartridges 9, 10 have been replaced (S103). This determination is based on a signal from tiie ink cartridge 
load/unload detecting means 22. If the ink cartridges have been replaced, ink cartridge replacement processing (Rg. 
6), which will be descn'bed later, is perfonned (S104). 
35 Processing then continues with a determination as to whether the cleaning button or switch 30 has been pressed. 
If tiie ink cartridge replacement processing has not been performed or if the cleaning switch 30 has been pressed after 
replacement of tiie ink cartridges 9. 10 has l>een complete (SI 05), then cleaning processing (Rg. 7), which will be 
described later, is performed (Si 06). 

Processing thereafter continues with a determination as to whetiier there is any printing data (SI 07). If tiiere pres- 
40 entiy is no printing data, the processing steps (S102) tiirough (S107) are repeated. Thus, the printer waits for either the 
presence of printing data (detected at Si 07) or tiie shutting off of the power supply (detected at SI 02) 

Upon reception of printing data, printing processing (Fig. 8), which will be described later, is initiated (S108). 
When the power supply switch SW is turned off, the operation is brought to an end after the quantity of ink con- 
sumed calculated by the ink consumption operating mearis 32 has been stored in the consumption storage means 33 
45 (SI 09) and the stop timer 26 has been operated, if necessary 

See Rg. 4. Rg. 4 shows the details of initialization processing according to an embodiment of the invention (refer 
toSIOI of Fig. 3). When the power supply sensing means 25 detects ttie turning on of the power supply, the consump- 
tion operating means 32 reads from the consurrption storage means 33 tiie data relating to the quantity of ink already 
consumed (S1 10). The consumption storage means then performs initialization processing such as positioning caniage 
50 1 and fonvarding paper. These activities make the apparatus ready for printing (S1 1 1 ). 

When the apparatus is ready for printing, processing continues with S1 12 wha^e a determination is made as to 
whetiier or not the Ink cartridges 9. 10 are loaded. This determination is based on a signal from the ink cartiidge 
load/unload detecting means 22. If ink cartridges are not loaded, the display means 38 displays an error message 

(51 13) . and the apparatus stands by until the ink cartaidges 9. 10 are loaded. Upon confirmation that the ink cartridges 
55 9. 10 having been loaded correctiy. ink consumption check processing, which will be described later, is performed 

(51 14) . 

See Rg. 5. The ink jet recording apparatus is designed to jet ink droplets out of nozzle openings by causing pres- 
sure producing chambers to apply pressure to the ink. Therefore, in view of such design, the Inkjet recording apparatus 



5 



EP0841 173 A2 



is required to maintain the same condition both during shipment and during operation. That is. for meeting such require- 
ment, measures to prevent the drying of the recording heads or entrance of dust into the recording heads are taken by 
charging a dummy solution into the recording heads. Therefore, prior to starting up the operation of the recording appa- 
ratus, the dummy solution charged into the recording heads 7. 8 must be completely discharged; i.e.. a so-called initial 

5 loading operation must be performed. 

In order reliably to account for the cfischarge of the dummy solution, a first quantity of ink to be sucked, which is the 
quantity of ink to be discharged by a first sucking operation, is added to the consumption operating means 32 in 
advarKe (S1 15). Next, a sucking operation is performed at the sucking speed specified for the first sucking operation 
(S1 16). Then, a second quantity of ink to be sucked, which is the quantity of ink to be discharged tiy a second sucking 

10 operation, is added to the consumption operating mear^ 32 in advance (S1 1 7). After, a sucking operation is performed 
at the sucking speed specified for the second sucking operation (S1 18). A third quantity of ink to be sucked, which is 
the quantity of ink to be d^charged by a third sucking operation, is added to the consumption operating means 32 in 
advance (S1 19). Then, a sucking operation is performed at the sucking speed specified for the tiiird sucking operation 
(SI 20). 

15 Thus, the quantities of ink to be used for initial charging are added, in advance, on a step-by-step basis before suck- 
ing operations are performed with respect to the ink cartridges 9, 10 in large quantities. Therefore, even if the power 
supply is turned off during a sucking operation, the quantity of ink remaining in the ink cartridges 9, 10 can conserva- 
tively be estimated. As a result, the running out of ink during printing and the draining of ink out of the recording heads 
7. 8 can be avoided. 

20 See Rg. 6. When the near end level or the ink end level is detected by the remaining ink level judging means 35 
despite the fact that the ink cartridge loadAinload detecting means 22 has detected the loading of new ink cartridges, 
the reset means 34 determines whether it is the black ink cartridge 9 or the color ink cartridge 10 that signals the 
detected ink level (SI 21 ). If it is the black ink cartridge 9 ttiat signals tiie detected ink level, the quantity of ink consumed 
in the black ink cartridge is reset (S122). whereas if it is the color ink cartridge 1 0 that signals the delected ink level, the 

25 quantity of ink consumed in the color ink cartridge is sirrnlariy reset (SI 22). 

As a result of this operation, the quantity of ink consumed can be automatically reset only by performing tiie ink car- 
tridge replacement processing. That is, the ink consumption resetting operation to be performed by the user after the 
ink cartridges have been replaced can be dispensed with, arxl the resetting errors so often associated with the user can 
be precluded. 

30 On the other harxJ, if tiie remaining ink level judging means 35 indicates other levels ttiat are larger tiian tiie near 
end level, tiie ink consumption resetting operation is not performed by the ink consumption operating means 32 under 
tiie judgment that tiie user has erroneously unloaded and then loaded the same ink carti-idges. In this case, even if it 
has been judged enoneously that the old ink carb'idges have been unloaded and then loaded despite the fact that such 
old ink cartridges have actually been replaced with new ink cartridges, arxi even if the ink is thereafter sucked in large 

35 quantities for the cleaning processing and the like, the draining of ink from the recording heads 7. 8 can reliably be pre- 
vented. 

The remaining ink level judging means 35 judges that the ink remains in large quantities from the iad that the quan- 
tity of ink consumed has been reset. The suction mode specifying means 31 outputs to ttie suction control means 29 a 
signal indicating a large quantity of ink may be sucked in association witti replacement of the ink cartridges. As a result. 
40 the suction control means 29 performs suction processing in the large-scale suction mode, wfiich will be described later, 
and operates the suction timer 39 (SI 24). When the suction timer 39 has measured a predetermined time T1 that is 
equivalent to the large quantity of ink to be sucked (S125). the suction processing is stopped arxJ the suction timer 39 
is ttien reset (S126). 

Not only is tiie remaining ink level (at the time the ink has been charged) indicated in relative temr^ (i ^-. in percent- 
45 age), but the remaining ink level also is controlled based on this percentage until a next replacement of the ink car- 
tridges By indicating the quantity of ink tfiat is given by subtracting the quantity of ink to be sucked in association with 
replacement of the ink cartridges as being 1 00% in this way, the user can be informed of the remaining ink level as cor- 
rectly as possible. 

Furtiier, for the operation of charging tiie ink into ttie noncharged recording heads 7. 8 prior to starting up the 
so recorcfing apparatus, i.e.. for the so-called initial charging operation, the quantity of ink given by sitrtracting the quantity 
of ink to t>e sucked that is equivalent to the quantity of ink to be initially charged is displayed as being 100%. As a result 
of this indication, even if tiiere is a difference in tiie quantity of ink to be consumed for an ink charging operation between 
ink carf idge replacement after starting up the recorcfing apparatus and first ink cartridge loading at the time of starting 
up the recording apparatus, the actual remaining ink levels after performing the-ink charging operations can be dis- 
ss played. Thus, the user can be informed of the remaining ink levels more simply, arxl the indication that the remaining 
ink level is 100% gives the us& a sign tfiat the ink charging operation has been terminated. Hence, the user can rec- 
ognize the end of the ink charging operation witiiout any special display. 

See Fig. 7. When a cleaning processing command is given by pressing the cleaning switch 30, the remaining ink 
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\e^e\ is confirmed through ink consumption ch^ processing (Rg. 9) to be descrft>ed later (S127), and after the confir- 
nr^on. it is judged whether or not a printing operation has been performed since the last dearting processing (8128). 
If no printing operation has been performed since the last cleaning processing, the quantity of ink to be sucked in a very 
small-scale suction mode is added to the consumption operating means 32 in advance (SI 37), and upon completion of 

5 the adcfition, a sucking operation Is performed in the very small-scale suction nrxxje (S138). 

On the other hand, if a printing operation has been performed since the last cleaning processing, the volume of 
data printed by such a printing operation is judged (S129). If the volume of data printed is large, then, the large-scale 
suction prohibit mode (Si 30) is released. Then, the quantity of ink to t>e sucked in the small-scale suction mode is 
added to the consumption operating means 32 (S131). Next, a snrmll-scale sucking operation is performed (SI 32). 

10 If the volume of data printed since the last cleaning processing ts found to be small (S1 29) , it is judged whether or 
not the large-sccile suction prohtort mode is specified (SI 33). If so, the large-scale suction prohitxt mode is released 
(S130), and then the small-scale sucking operation ts performed (S131, S132). 

On the other hand, if the large-scale suction prohifcut mode is not specified and if the ink cartridges 9, 1 0 have plenty 
of ink, then the numt)er of operations of the cleaning switch 30 in the last cleaning processing is served by a cleaning 

IS counter or the like. Then, if the cleaning counter indicates a predetermined number, e.g., 3, the cleaning counter is reset 
to 1. If the cleaning counter indicates a number lower than 3, then, after incrementing the number (S134), the quantity 
of ink to be cor^umed by large-scale suction is added to the consumption operating means 32 in advance (8135), and 
a sucking operation is performed in the large-scale suction mode (8136). 

Thus, before suction processing is performed in the very small-scale suction mode, ttie small-scale suction mode, 

20 or in the large-scale suction mode, the quantity of ink to be sucked Is added to tiie consumption operating means 32 in 
advance. TTiat is. such addition processing precedes the suction processing. Therefore, unlike the case where tiie 
quantity of ink to be sucked is added after a sucking operation, even if the power supply or the like is interrupted during 
the suction processing, the remaining ink level of the ink cartridges 9, 10 can be set to a value on the safety side; i.e., 
the remaining ink level can conservatively be estimated. Hence, this processing is advantageous in preventing the 

25 draining of ink from and the introduction of bubbles into the recording heads 7, 8 due to the ink having been consumed 
by the suction processing. 

See Fig. 8. Not only are the type of recording head 7 or 8 and tiie type of ink to be used for printing judged, but also 
the print mode is confirmed (81 39). Also, tiie quantities of ink to be jetted per droplet both during printing with the spec- 
ified recording head 7 or 8 arxi during flushing are set based on the data stored in the coefficient setting means 37 
30 (8140). 

The quantity of ink to be consumed by tiie flushing processing before printing which is to be peribrmed prior to a 
printing operation Is added to the ink consumption operating means 32 in advance (8141). and tiie flushing processing 
before printing is thereafter performed (81 42). 

When the apparatus is ready to print after the preparations for printing have been finished, the average quantity of 

35 ink to be consumed per pass of printing, e.g.. the quantity of ink equivalent to half the maximum printing volume is 
added in advance (S143). When the printing operation is started (8144), the total number of dots per pass Is counted 
(8145). and the quantity of ink actually consumed by a single pass of printing is calculated by multiplying the counted 
total number of dots tiy the quantity of ink per droplet, and the calculated value is then added (8146). 

If the remaining ink level is judged to be at the near end level through the ink consumption check processing during 

40 printing (8158 (Rg. 9)). printing speed is reduced, e.g., by switching to a mode in which a single line of data is printed 
with a plurality of passes. By reducing the printing speed, in a particular case where the ink cartridges 9. 10 are of such 
a type that an ink absorbing body is impregnated with ink. the ink absorbing body is prevented from being evacuated to 
a negative pressure due to the ink therein having been consumed. As a result, the ink preser^t in the regions of the ink 
cartridges 9, 10 that are remote from the ink discharge ports connected to the recording heads 7. 8 can be allowed to 

45 flow into the recording heads 7, 8 reliably, whereby the ink that is running low can more effectively be used up. 

Further, if print duty is restricted by the remaining ink level having been judged to be at the suction save level (81 62, 
8163 (Rg. 9)), the ink remaining in small quantities in the cartridges 9, 10 can reliat)ly be supplied to the recording 
heads 7. 8 by reducing the printing speed or by switching to the nrxxJe in which a sir^le line of data is printed with a 
plurality of passes when the data having an extremely heavy print duty such as graphic printing data are to be taken 

50 care of. 

When the printing operation has lasted for a predetermined time so that the print timer 28 irxlicates that a periodic 
flushing operation is required (8147). the printing operation is suspended and the carriage 1 is moved to the flushing 
position. Then, the quantity of ink to be jetted by periodic flushing is added to the ink consumption operating means 32 
in advance (8149), and the flushing processing is performed upon completion of the addition (8150). 
55 If printing data is present after the flushing processing has been completed (8148). the aforementioned steps 
(8145) through (8150) are repeated to perform the printing operation. 

When all the printing data is printed (8148). the quantity of ink added in advance in step (8143) is sut>tracted 
(81 51 ). and the quantity of ink to be jetted by flushing is added to the ink consumption operating means 32 in advance 
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(S152). and flushing proc^ng (as printing operation termination processing) is performed (SI 53). Then, the appara- 
tus waits for a next input of printing data. 

Thus, a printing operation is performed after adding the average quantity of ink to be consumed by a single pass of 
printing prior to initiating the printing operation, and then the quantity of ink added in advance as an estimate is sub- 
tracted i4x>n end of the single pass of printing. TTierefore. by doing so, the quantity of ink actually consumed that cannot 
be ^ed unless ttie single pass of printing Is terminated can t>e added in the form of an equivalent quantity even if such 
addition cannot t>e made due to the power supply having been turned off. As a r^ult the remaining ink level in ttie ink 
cartridges can be estimated to a value as close to the actual value as possOt)le. so that a possible running out of the ink 
during printing can be precluded. 

See Rg. 9. The remaining ink level of the loaded ink cartridges 9, 10 ^ calculated by taking into account the product 
of the elapsed time from the timing at which the cartridges 9, 10 for which the load timer 23 is operating have been 
loaded arxi the evaporation rate per unit time of an ink solvent from the cartridges 9, 10. the ink tubes, and the like 
(S154). 

If a cleaning processing command has rK>t been given before step SI 55, the remaining ink level is compared with 
ink end judgment reference levels (SI 56). If the rerrtaining ink level is judged to be at the ink end level, a message to 
that effect is displayed on the display means 38 (S1 57). and there is provided a prompt to replace tiie ink cartridges 9, 
10. If the remaining ink level is judged to be between the ink erxi level and the near end level (SI 58). then a message 
"near end level" is displayed on the display means 38 (SI 59). Furth^. if the remaining ink level is judged to be over the 
near end level and at the large-scale suction prohibit level (SI 60). then the large-scale suction prohibit mode is speci- 
fied (S161) so as to prevent the ink from inadvertentiy being consumed in large quantities by cleaning. 

Still further, if it is judged that the remaining ink level in the cartridges 9. 10 is somewhat low so ttiat smooth ink 
supply at a normal ink sucking speed within the inkat>sorbing body might be interrupted although the ink can be sucked 
for cleaning (SI 62), the quantity of ink to be sucked is restricted, and the so-called duty also is restricted (SI 63). the 
duty being the number of dots to be printed per unit time during prirrting. In cases other than the above, it is judged that 
the ink cartridges 9, 10 have ink necessary and sufficient for normal operation (S164). 

If the cleaning switch 30 has already been pressed prior to the ink consumption check processing (SI 55). it is 
judged before cleaning whether tiie remaining ink level is at the ink erxi level comparing the remaining ink level witii 
the ink end judgment level so that the apparatus gets ready for consuming ink for cleaning (SI 65). If it is judged that tiie 
remaining ink level is below the ink erxJ level according to such judgment level, then the remaining ink level is judged to 
be at the ink end level even if a printing operation can be peribrmed at such remaining ink level, and a message "ink 
end level" is displayed on the display mear^ 38 (S157), and replacement of the ink cartridges 9, 10 is prorrpted before 
cleaning. As a result, substantially all the ink in the ink cartridges 9. 10 can be consumed, and hence a possible running 
out of ink from tiie recording heads 7, 8 can be precluded. If the remaining ink level is judged to be more than tiie ink 
end level, tiie aforementioned steps (S158) through (164) are perfonned. 

While the large-scale suction processing and the small-scale suction processing are performed by a single suction 
nrxxf e in the aforementioned emtxxfiment, the suction mode may be altered in accordance with the remaining ink levels. 
That is. as shown in Rg. 10 and Rg. 1 1 , the quantities of ink to be sucked by suction-processing are set to the con- 
sumption operating means 32 in advance (Rg. 10 (Si 66), Rg. 1 1 (SI 71)), and then it is judged whether or not the suc- 
tion save mode is specified (Rg. 10(S167). Rg. 11 (S172)). If the suction save mode is not specified, a first large-scale 
sucking operation (Rg. 10 (S168)) or afirst small-scale sucking operation (Rg. 1 1 (S173)) is performed through a nor- 
mal sucking operation, the first sucking operations sucking the specified quantity of ink. 

On the other harxj. if the suction save mode is specified while the remaining ink level is judged to be at the suction 
save level by the ink consumption check processing (Fig. 9) due to the ink in the ink cartridges 9, 10 having been 
reduced (Rg. 10 (S167). Rg. 1 1 (S172)), the suction save mode is released (Rg. 10 (S169). Rg. 1 1 (S174)). and a sec- 
ond large-scale sucking operation (Rg. 1 0 (S1 70)) or a second small-scale sucking operation (Rg. 1 1 (Si 75)) for suck- 
ing the added quantity of ink may be performed by suppressing the flow of ink during sucking while reducing the 
numbers of revolutions of the pumps 1 6. 1 7. driving the pumps 1 7. 1 8 intennittently, or the like. 

Thus, the flow of ink to be sucked Is suppressed witiiout changing the quantity of ink needed for large-scale suction 
or small-scale suction. By doing so. in a particular case where an ink cartridge is of such type that an ink absorbing body 
made of a porous elastic body or the like is inpregnated with ink. the quantity of ink needed for cleaning processing can 
be discharged while preventing interruption of the smooth flow of ink within the ink absorbing body. If tiie ink is running 
low, tiie quantity of ink needed for printing can be fed to the recording heads 7. 8 without interrupting smooth flow of ink 
witiiin the ink at)sorbing body by reducing the printing speed. TTierefore. the cartridges 9. 10 whose ink is running low 
can be consumed witiiout being wasted. 

While an example of a recording apparatus capable of effecting monochromatic and color printing by mounting two 
types of ink cartridges, one for black ink and the other for color inks, has been described in the aforementioned embod- 
iment, it is apparent tiiat similar advantages can be provided when the invention is applied to-recording apparatuses 
dedicated to only monochromatic printing. 
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Further, while an example of a recording apparatus that mounts ink cartridges on the carriage has been described 
in the aforementioned embodiment, it is apparent that similar advantages can be prcvided when the invention Is applied 
to recording apparatuses in which an ink cartridge is accommodated in a casing and the ink is supplied to the recording 
head through a passage forming mear^ such as a tut>e. 



TABLE 1 



QUANTITY BY WEIGHT OF INK PER INK DROPLET FOR PRINTING 


MODE 


WEIGHT (ng) 




COLOR 


BLACK 1 


BLACK 2 


HIGH-DEFINITION PRINT MODE 


25 


60 


20 


NORMAL PRINT MODE 


50 


130 


50 


DRAFT PRINT MODE 


60 


120 


55 



TABLE 2 



QUANTITY BY WEIGHT OF INK PER INK DROPLET FOR FLUSHING 


MODE 


WEIGHT (ng) 




COLOR 


BLACK 1 


BLACK 2 


PRE-PRINTING FLUSHING 


55 


140 


54 


PERIODIC FLUSHING 


HIGH-DEFINITION PRINT MODE 


25 


60 


20 


NORMAL PRINT MODE 


50 


130 


50 


DRAFT PRINT MODE 


60 


120 


55 


PRE-ENDING FLUSHING 


60 


150 


58 



TABLE 3 



JUDGMENT LEVEL 


JUDGMENT LEVEL 


REMAINING INK LEVEL 
(%) 


INK END 


0 


INK END BEFORE CLEANING 


1 ~5 


NEAR END 


2^20 


LARGE-SCALE SUCTION PROHIBIT 


2-25 


SUCTION PROHIBIT 


2 "-30 



Claims 

1 . An ink jet recording apparatus corrpristng: 

an ink jet recording head (7) for jetting an ink droplet in accordance with printing data; 
an ink cartridge (9. 10) supplying ink to said recording head (7); 
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capping means (13) comprising means (14, 15) for sealing said recordng head (7); 
a suction pump (18) for evacuating said capping means (13) to a negative pressure; 

suction control means (29) comprising means for controlling suction processing for discharging said ink by 
sucking said recording head (7) with said suction purrp (18); and 

remaining ink level judging means (35) conprising mearts for conrolling a quantity of ink in said ink cartridge 
(9, 10) by integrating quantities of ink discharged from said recording head (7); 

wherein said renraining ink level judging means (35) adds a quarrtity of ink to be discharged by said suction 
processing as a quantity of ink consumed, said addition being made before said suction processing is per- 
formed. 

An Inkjet recording apparatus according to daim 1 . wherein: 

said suction processing is intermittentiy performed a plurality of times; and 

a quantity of ink is to be discharged by said sucking operation in said plurality of times is added as a quantity 
of ink consurrted before starting to perform sakl sucking operation said plurality of times. 

An ink jet recording apparatus according to claim 1 , further comprising: 

flushing means (27) comprising means (20, 28) for jetting an ink droplet to prevent said recording he^ from 
clogging; and 

a quantity of ink to be discharged by flushing processing being added as a quantity of ink consumed before 
sakJ flushing processing is performed. 

An Inkjet recording apparatus according to claim 3, further comprising means for setting a quantity of ink to be jet- 
ted per ink droplet during said flushing processing. 

An Inkjet recording apparatus according to claim 1, further comprising means for reducing a printing speed when 
a remaining ink level judged by said remaining ink level judging means (35) is equal to or smaller than a predeter- 
mined value. 

An Inkjet recording apparatus comprising: 

an Inkjet recording head (7) for jetting an ink droplet in accordance with printing data; 

an ink cartridge (9, 10) supplying ink to said recording head (7); 

capping means (13) comprising means (14, 15) for sealing said recording head; 

a suction pump (18) for evacuating said capping means (13) to a negative pressure; 

suction control means (29) comprising means for controlling suction processing for discharging sakl ink by 
sucking said recording head (7) with said suction purrp (18); and 

remaining ink level judging means (35) comprising means forjudging a remaining ink level of said ink cartridge; 
wherein, when said ren^rdng ink level is equal to or smaller than a predetermined value, said suction oonfol 
means (29) limits a quantity of ink to be sucked. 

An ink jet recording apparatus according to daim 6, further comprising: 

flushing means (27) comprising means for jetting an ink droplet to prevent said recording head from dogging; 
and 

a quantity of ink to be discharged by flushing processing being added as a quantity of ink consumed before 
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said flushing processing is performed. 

8. An ink jet recording apparatus according to daim 7. further compr^ng means (20) for setting a quantity of ink to 
be jetted per ink droplet during saki flushing processing. 

9. An Inkjet recording apparatus according to claim 6. further comprising means (20) for setting a print duty based on 
said rerriaining ink level judged by said remaining Ink level judging means (35). 

10. An ink jet recording apparatus according to daim 6. further conrprising means (20) for redudng a printing speed 
when a remaining ink level judged by said remaining ink level judging means (35) is equal to or smaller than a pre- 
determined value. 

11. An ink jet recording apparatus connprising: 

an ink jet recording head (7) for jetting an ink droplet in accordance with printing data; 
an ink cartridge (9. 10) supplying ink to said recording head (7); 
capping means (13) comprising means (14, 15) for sealing said recorcfing head (7); 
a suction pump (18) for evacuating said capping mearYs (13) to a negative pressure: 

suction control means (29) comprising means for controlling suction processing for discharging said ink by 
sucking said recording head (7) with said sudion pump (18) ;and 

remaining ink level judging means (35) comprising means for judging a remaining ink level of said ink cartridge 
(9. 10): 

wherein, when said remaining ink level is equal to or smaller than a predetermined value, said suction control 
means (29) limits an ink sucking speed. 

12. An ink jet recording apparatus according to daim 1 1 . further comprising means (20) for setting a print duty based 
on said remaining ink level judged by said remaining ink level judging means (35). 

13. An Inkjet recording apparatus comprising: 

an ink jet recording head (7) for jetbng an ink droplet in accordance with printing data; 
an ink cartridge (9, 10) supplying ink to said recording head (7); and 

remaining Ink level judging means (35) comprising means for adding a quantity of ink to be jetted out of said 
recording head (7), based on said printing data, every predetenmined printing operation of said recording head 
(7). 

14. An Inkjet recording apparatus according to daim 13, wherein said remaining ink level judging means (35) adjusts 
a quantity of ink to t>e jetted per ink drc^let during printing so as to correspond to a printing mode. 

15. An ink jet recording apparatus according to claim 13. wherein: 

ink consumption judging means (32, 33) adds a quantity of ink to be consumed per pass in advance of starting 
a printing operation; and 

said ink consunrption judging means (35) sutitracts said added quantity of ink after having terminated said 
printing operation. 

16. An Inkjet recording apparatus according to daim 13, further connprising: 

flushing means (27) comprising means for jetting an ink droplet to prevent said recording head (7) from dog- 
ging; and 
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a quantity of ink to be discharged by flushing processing being added as a quantity of ink consumed before 
said flushing processing is performed. 

17. An ink jet recording apparatus according to claim 16. further comprising means (20) for setting a quantity of ink to 
be jetted per ink droplet during said flushing processing. 

18. An ink jet recording apparatus accorcGng to daim 13. further comprising means (20) for setting a print duty based 
on said remaining ink level judged by said remaining ink level judging means. 

19. An ink jet recording apparati^ according to claim 13. wherein said quantity of ink to be jetted per ink droplet is 
changed in accordance with the ink tomperature. 

20. An Inkjet recordir^ apparatus according to daim 13, further comprising means (20) for redudng a printing speed 
when a remaining ink level judged by said remaining ink level judging mearts is equal to or smaller than a predeter- 
mined value. 



21. An Inkjet recording apparatus comprising: 

an ink jet recording head (7) for jetting an ink droplet in accordance with printing data: 
an ink cartridge (9. 10) supplying inkto sakJ recording head; 
capping means (13) comprising means (14. 15) for sealing said recorcfing head; 
a suction pump (1 8) for evacuating said capping means to a negative pressure; 

suction control means (29) comprising means for controlling suction processing for discharging said ink by 
sucking said recording head (7) with said suction pump (18); 

remaining Ink level judging means (35) comprising means for controlling a quantity of ink in said ink cartridge 
(9, 10) by irrtegrating quantities of ink discharged from said recording head (7); and 

means for relatively displaying said remaining ink level as b&ng full, after performing said suction processing, 
when a new ink cartridge has been loaded to said recording head (7); 

wherein said remaining ink level judging means (35) adds a quantity of ink to be discharged by said suction 
processing, as a quantity of ink consumed, before said sucking operation is performed. 

22. An ink jet recording apparatus according to daim 21 . wherein said remaining ink level is displayed on a host com- 
puter. 

23. An ink jet recording apparatus comprising: 

an ink jet recording head (7) for jetting an ink droplet in accordance with printing data; 
an ink cartridge (9, 10) supplying ink to said recording head; 

remaining ink level judging mear^ (35) comprising means for adding a quantity of ink to be jetted Out of sakJ 
recording head, based on said printing data, every time said recording head p^rms a predetermined printing 
operation; and 

load time detecting means (23) corrprising means for detecting an integrated time for which said ink cartridge 
(9. 10) has been loaded to said recording head (7); 

wherein said rerr^ining ink level judging means (35) judges and displays said remaining ink level taking into 
account a quantity of ink evaporated from said ink cartridge (9. 10) based on said integrated time. 

24. An Inkjet recordng apparatus accorcfing to claim 23. wherein said remaining Ink level is displayed on a host com- 
puter. 



12 



EP0841 173 A2 



25. An Inkjet recording appeiratus comprising: 

an ink jet recording head (7) for jetting an ink droplet in accordance with printing data; an ink cartridge (9, 1 0) 
supplying ink to said recording head (7); 

capping means (13) comprising means (14. 15) tor sealing said recorcfing head (7); 

a suction pump (18) for evacuating said capping means (13) to a negative pressure; 

suction control means (29) comprising means for controlling suction processing for discharging said ink by 
sucking said recording head (7) with said suction purrp (18); and 

remaining Ink level judging means (35) comprising means for controlling a quantity of ink in said ink cartridge 
by integrating quantites of ink discharged from said recording head (7); 

wherein said remaining ink level judging means (35) has at least two judgement levels, including an ink end 
judgemerrt level used during printing and an ink end judgement level used before performing said sucking oper- 
ation. 

26. An Inkjet recordng apparatus according to daim 25, wherein said remaining Ink level judging means (35) further 
Includes a third judgement level substantially the same as said Ink judgement level immediately before performing 
said suction processing, said third judgement level defining an ink near end judgement level used during printing. 

27- An Inkjet recording apparatus comprising: 

an Ink jet recording head (7) for jetting an ink droplet In accordance with printing data; 

an Ink cartridge (9. 10) supplying ink to said recording head (7); 

remaining Ink level judgement mearts (35) comprising means for adding a quantity of ink to be jetted out of sakj 
recording head (7) based on printing data every time said recording head (7) performs a predetermined print- 
ing oF>eration; and 

Ink cartridge replacement detecting means (11, 12, 22) conprising means for detecting replacement of said 
ink cartridge (9. 10); 

wherein, when said remaining ink level Is lower than a second ink end level that Is slightly higher than an ink 
end judgement level, said remaining Ink level judging means (35) Is reset by a signal from said ink cartridge 
replacement detecting means (11,12. 22). 

28. An Inkjet recording apparatus comprising: 

an Inkjet recording head (7) for jetting an ink droplet In accordance with printing data; 

an ink cartridge (9. 10) supplying Ink to said recording head (7); 

capping means (13) comprising means (14, 15) for sealing said recording head; 

a suction pump (18) for evacuating said capping means (13) to a negative pressure; 

suction control means (29) corrprising means for controlling suction processing for discharging said Ink by 
sucking said recording head (7) with said suction pump (18); 

remaining ink level judging means (35) comprising means for managing a quantity of ink in said ink cartridge 
(9. 10) by integrating quantities of ink discharged from said recording head (7) and adcfing a quantity of ink to 
be jetted out of said recording head (7) based on said printing data every time said recording head (7) performs 
a predetermined printing operation; and 

Ink cartridge replacement detecting means (11 , 12, 22) comprising means for detecting replacement of said 
Ink cartridge (9, 10); 
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wherein said remaining ink les^el judging means (35) has at least three judgement levels, including a first ink 
end judgement level used during printing; a second Ink end judgement level used before performing said suck- 
ing operation; arxJ a third ink end judgement level slightly higher than said first ink end judgement level, and 
wherein, when said remaining ink level is below sakJ third ink end judgement level, said renrmining ink level 
judgement mearts (35) is reset by a signal from said ink cartridge replacement detecting means (11,12, 22). 
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FIG. 1 
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FIG. 3 



(start) 



(S100) < TURN ON POWER SUPPLY 



(S101) 1 1 PERFORM INITIAUZATION PROCESSING 1 1 



(SI 02) < TURN ON POWER SUPPLY > ^ 



(S103) < HABg/fX CARTRIDGES BEEN REPUCED? > 



N 



(S1 04) REPLACE INK CARTRIDGE 



(S105) <HAS CLEANING BUTTON BEEN PRESSED?> 



N 



(S106) 



PERFORM CLEANING 
PROCESSING 



^ HAS PRINTING DATA BEEN INPUTEEDV> (S107) 



PERFORM PRINTING PROCESSING (S108) 



STORE QUANTITY OF INK CONSUMED CALCULATED BY INK 
CONSUMPTION OPERATING MEANS TO CONSUMPTION STORAGE 



(SI 09) 
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FIG. 4 



( INITIALIZATION PROCESSING^ 



(S1 10) 



READ QUANTITY OF INK CONSUMED | 



(S111) 



INITIALIZE CARRIAGE AND 
PAPER FORWARDING MECHANISM 



(S112) 



< HAVE INK CARTRIDGES BEEN LOADED? > ^ 



(S1 14) 



PERFORM INK CONSUMPTION 
CHECK PROCESSING 



(S1 13) 



DISPLAY ERROR MESSAGE 



T 



( END ) 



FIG. 5 



(initial charging) 



(S1 15) 



ADD FIRST SUCKING QUANTITY 



(S116) 



PERFORM FIRST SUCKING OPERATION 



(S1 17) 



ADD SECOND SUCKING QUANTITY 



(S118) 



PERFORM SECOND SUCKING OPERATION 



(S1 19) 



ADD THIRD SUCKING QUANTITY 



(S120) 



PERFORM THIRD SUCKING OPERATION 



( END ) 
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FIG. 6 



( INK CARTRIDGE REPLACEMENT PROCESSING^ 
( S121) I ~" 

JUDGE TYPE OF CARTRIDGE 



(5122) I 

RESET QUANTITY OF INK CONSUMED | 

( 5123) I 

ADD QUANTITY OF INK TO BE SUCKED 
IN LARGE-SCALE SUCTION MODE 



(S124) 

PERFORM SUCKING OPERATION 
AND SET SUCTION TIMER 



(S125) 



< HAS PREDETERMINED TIME ELAPSED? > 



(SI 26) 


Y 




STOP SUCKING OPERATION 
AND RESET SUCTION TIMER 





( END ) 
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FIG. 8 

( PRINTING PROCESSING ) 



JUDGE TYPE OF HEAD AND INK AND CX)NFIRM PRINT MODE 



(S139) 



SET QUANTITIES OF INK PER INK 
DROPLET FOR PRINTING AND FLUSHING 



SET QUANTITY OF INK TO BE FLUSHED 
IN CONSUMPTION OPERATING MEANS 



PERFORM FLUSHING OPERATION 



ADD HALF THE MAXIMUM QUANTITY OF 
INK TO BE CONSUMED PER PASS 



(S140) 



(S141) 



(S142) 



(S143) 



<HAS PRINTING OPERATION BEEN STARTED?> (S144) 



COUNT NUMBER OF DOTS PER PASS {S1 45) 



CALCULATE AND ADD QUANTITY OF INK 



(S146) 



(S147) <IS PERIODIC FLUSHING REQUIRED? > 



N 



(S149) 



SET QUANTITY OF INK TO BE FLUSHED 
TO CONSUMPTION OPERATING MEANS 



(S150) PERFORM FLUSHING OPERATION 



<IS PRINT DATA PRESENT?> (S148) 
N 



SUBTRACT QUANTITY OF INK ADDED IN ADVANCE 



(SI 51) 



SET QUANTITY OF INK TO BE FLUSHED 
TO CONSUMPTION OPERATING MEANS 



(S152) 



PERFORM FLUSHING OPERATION (S153) 



( END ) 
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FIG. 9 



INKCOMSUMPTION 
CHECK PROCESSING 



(S154) 



CALCULATE AND ADD QUANTITY 
OF INK TO BE EVAPORATED 



(SI 55) 



HAS CLEANING COMMAND 
BEEN GIVEN? 



(SI 56) 



y 



N 



(S165) 



N 



IS REMAINING INK 
LEVEL JUDGED TO BE 
AT INK END LEVEL? 




(SI 58) 



N 



IS REMAINING INK LEVEL 
JUDGED TO BE AT INK END 

LEVEL ACCORDING TO 
INK END JUDGMENT LEVEL 
BEFORE CLEANING? 



(S157) 



DISPLAY "INK END LEVEL" 



IS REMAINING INK 
LEVEL JUDGED TO BE 
.AT NEAR END LEVEL? 



(SI 60) 



/LE 




(S159) 



N 



DISPLAY "NEAR END LEVEL- 



IS REMAINING INK 
LEVEL JUDGED TO BE AT 
\ LARGE-SCALE SUCTION 
\ PROHIBIT LEVEL? 



(3161) 



(SI 62) 



N 



SPECIFY LARGE-SCALE 
SUCTION PROHIBIT MODE 



IS REMAINING INK 
LEVEL JUDGED TO BE 
SUCTION SAVE LEVEL?. 



thtl 



(8164) 



N 



INK LEVEL IS JUDGED 
AS BEING NORMAL 



(S163) 






SPECIFY SUCTION SAVE MODE 
AND RESTRICT PRINT DUTY 



( END ) 
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FIG. 10 



( URGE-SCALE SUCTION PROCESSING ) 



(S166) 



SET QUANTITY OF INK TO BE SUCKED IN LARGE-SCALE 
SUCTION MODE TO CONSUMPTION OPERATING MEANS 



(S167) 



< IS SUCTION SAVE MODE SPECIFIED? > 



(S168) 



N 



PERFORM FIRST LARGE-SCALE 
SUCKING OPERATION 



(S169) 



RELEASE SUCTION 
SAVE MODE 



(S170) 



PERFORM SECOND LARGE-SCALE 
SUCKING OPERATION 



( END ) 



FIG. 11 



( SMALL-SCALE SUCTION PROCESSING ) 



(S171) 



SET QUANTITY OF INK TO BE SUCKED IN SMALL-SCALE 
SUCTION MODE TO CONSUMPTION OPERATING MEANS 



(S172) 



< IS SUCTION SAVE MODE SPECIFIED? > 



(S173) 



N 



PERFORM FIRST SMALL-SCALE 
SUCKING OPERATION 



(S174) 



RELEASE SUCTION 
SAVE MODE 



(S175) 



PERFORM SECOND SMALL-SCALE 
SUCKING OPERATION 



( END ) 
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